The current study highlights for the first time cloning, overexpression, purification, and assessing 19 the cytotxcity of the novel interferon epsilon (IFN ), from the Arabian camel Camelus 20 dromedarius, against two human breast cancer cell lines MDA-MB-231 and MCF-7. Full-length 21 cDNA encoding interferon epsilon (IFN) was isolated and cloned from the liver of the Arabian 22 camel, C. dromedarius using reverse transcription-polymerase chain reaction. The sequence 23 analysis of the camel IFN cDNA showed a 582-bp open reading frame encoding a protein of 193 24 amino acids with an estimated molecular weight of 22.953 kDa. A BLAST search analysis revealed 25 that the C. dromedarius IFN shared high sequence identity with the IFN genes of other species, 26 such as Camelus ferus, Vicugna pacos, and Homo sapiens. Expression of the camel IFN cDNA in 27 Escherichia coli gave a fusion protein band of 22.73 kDa after induction with either isopropyl β-D-28 1-thiogalactopyranoside or lactose for 5 h. Recombinant IFN protein was overexpressed in the 29 form of inclusion bodies that were easily solubilized and refolded using SDS and KCl. The 30 solubilized inclusion bodies were purified to apparent homogeneity using nickel affinity 31 chromatography. We examined the effect of IFN on two breast cancer cell lines MDA-MB-231 32 and MCF-7. In both cell lines, IFN inhibited cell survival in a dose dependent manner as observed 33 by MTT assay, morphological changes and apoptosis assay. Caspase-3 expression level was found 34 to be increased in MDA-MB-231 treated cells as compared to untreated cells.
148
The IFN cDNA insert cloned into the pGEM-T-Easy plasmid was released using the EcoRI and The transformed E. coli BL21(DE3) pLysS harbouring the recombinant plasmid were cultured in 1 171 L of Luria broth medium supplemented with 34 g/mL kanamycin and incubated at 37 C for 4 h at 172 250 rpm. When the optical density at 600 nm reached 0.6, isopropyl--D-1-thiogalactopyranoside 173 (IPTG) was added to the culture at a concentration of 1 mM. The culture flask was incubated at 37 174 C with shaking at 250 rpm for 5 h, after which the bacterial cells were harvested by centrifugation 175 at 8000 rpm for 20 min at 4 C. The bacterial pellets were re-suspended in 10 mL of 0.1 M 176 potassium phosphate buffer, pH 7.5, containing 50% glycerol. The bacterial cell suspension was 177 then sonicated on an ice-bath using 4x 30-s pulses, and the cell debris were removed by 178 centrifugation at 10,000 rpm for 10 min at 4 C, after which the supernatant and pellets were 179 collected in separate eppendorf tubes. The pellets were re-suspended in 5 mL of 0.1 M potassium 180 phosphate buffer, pH 7.5, containing 50% glycerol and both supernatant and pellets were used for 181 further analysis. The gene expression was also analyzed using lactose as an inducer at a 182 concentration of 2 g/L in the fermentation medium.
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Protein determination 184 Protein concentration was determined according to Bradford (1976) [33], using 0.5 mg/mL of 185 bovine serum albumin (BSA) as a standard. 187 The expression of the camel recombinant IFN gene in E. coli was checked by performed a 12% Biotechnology Information (NCBI) server revealed that the putative camel IFN gene has high 263 statistically significant similarity scores to numerous IFN genes from other species (Table 1) . To 264 determine the relatedness of C. dromedarius IFN with known amino acid sequences available in 265 the GenBank database, a multiple sequence alignment was conducted ( Fig 2) . It was observed that 266 the percentage identity was 100% for Camelus ferus (GenBank accession no. XP_006179655), 95% Q 30 , R 33 , R 36 , E 37 , K 40 , N 43 , and K 44 , located in the first α-helix of the camel IFN protein (Fig 5) .
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Sodium dodecyl sulfate gel electrophoresis (SDS-PAGE)
314
The IFNAR-2-binding site contained the amino acid residues, L 54 , P 55 The predicted 3D structure of the Arabian camel IFN indicated that the protein secondary structure 318 consisted of six α-helices labelled from A to F. The composition of the predicted secondary 319 structure revealed 61.5% α-helices, 32.6% coils, and 2.1% turns. Compared with other type Iα 320 IFNs, the camel protein showed an extended C-terminus (Fig 6 A, B, and C) . It was observed that 321 the overall folding in the 3D structure of camel IFN was quite similar to that of the bovine-type 322 IFN [10]. Moreover, the alignment template model (Fig 7 A and B) found to be overexpressed when E. coli cells were induced with either 1.0 mM IPTG or 2.0 g/L 333 lactose in the fermentation medium (Fig 8 A and B) . Surprisingly, the recombinant protein was 334 found as insoluble inclusion bodies that were precipitated in the form of submicron spherical 335 proteinaceous particles upon cell disruption by sonication and after centrifugation at 12,000 rpm for 336 10 min at 4 C, leaving behind a supernatant devoid of the recombinant IFN protein ( Fig 8B) . The 337 transmission electron micrograph ( Fig 9A) showed that the E. coli cells becomes to form dark, and refolded by the SDS/KCl method (Fig 10A, Lane 3) . The solubilized and refolded inclusion 18 355 bodies were subjected to nickel-affinity chromatography. The recombinant camel IFN was bound 356 to the affinity matrix and eluted using imidazole at a concentration of 500 mM (Fig 10 B, Peak 2) .
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The purified protein showed a specific, unique protein band at 22.953 kDa as shown in 
